The aim of this study was to review the number of patients operated on for traumatic disruption of the pubic symphysis who developed radiological signs of movement of the anterior pelvic metalwork during the first post-operative year, and to determine whether this had clinical implications. A consecutive series of 49 patients undergoing internal fixation of a traumatic diastasis of the pubic symphysis were studied. All underwent anterior fixation of the diastasis, which was frequently combined with posterior pelvic fixation. The fractures were divided into groups using the Young and Burgess classification for pelvic ring fractures. The different combinations of anterior and posterior fixation adopted to stabilise the fractures and the type of movement of the metalwork which was observed were analysed and related to functional outcome during the first post-operative year.
The aim of this study was to review the number of patients operated on for traumatic disruption of the pubic symphysis who developed radiological signs of movement of the anterior pelvic metalwork during the first post-operative year, and to determine whether this had clinical implications. A consecutive series of 49 patients undergoing internal fixation of a traumatic diastasis of the pubic symphysis were studied. All underwent anterior fixation of the diastasis, which was frequently combined with posterior pelvic fixation. The fractures were divided into groups using the Young and Burgess classification for pelvic ring fractures. The different combinations of anterior and posterior fixation adopted to stabilise the fractures and the type of movement of the metalwork which was observed were analysed and related to functional outcome during the first post-operative year.
In 15 patients the radiographs showed movement of the anterior metalwork, with broken or mobile screws or plates, and in six there were signs of a recurrent diastasis. In this group, four patients required revision surgery; three with anterior fixation and one with removal of anterior pelvic metalwork; the remaining 11 functioned as well as the rest of the study group.
We conclude that radiological signs of movement in the anterior pelvic metalwork, albeit common, are not in themselves an indication for revision surgery.
The pubic symphysis is a strong band of fibrocartilage creating an anterior joint in the pelvic ring which, together with the posterior sacroiliac joints, allows rotation and expansion of the pelvis during physical activity. [1] [2] [3] Disruption of the pelvic ring requires a high-energy event, for example a road traffic accident, a crushing force or a fall from height. The mechanism of injury produces characteristic radiological patterns of disruption, 4 and can be classified according to the causative mechanism as anterior posterior compression, lateral compression or vertical shear, or combinations of these. Each of these mechanisms of injury can lead to separation of the pubic symphysis (diastasis), although it is most commonly seen in an anterior posterior compression injury.
Early mobilisation and better pain management are facilitated by stabilisation of the disrupted anterior pelvic ring using either open reduction and internal fixation or a pelvic external fixator. [5] [6] [7] [8] [9] Our preferred technique is open reduction and internal fixation using a plate across the pubic symphysis (usually four-or sixhole). This facilitates accurate reduction 10 and is now the most popular method of stabilisation. 11 It may also be necessary to combine it with posterior sacroiliac fixation, depending on the extent of the injuries in this area. Where there is vertical instability, biomechanical studies have supported the need for both anterior and posterior fixation to increase stability and restore the normal response of the pelvis to axial loading. 12, 13 Changes in the relative alignment of the pelvic bones and the inserted plate and screws have been observed by the authors during routine radiological follow-up, but have not been related to outcome. In this study, we investigated the incidence of radiological evidence of movement after anterior pelvic fixation within one year, to see whether this affects functional outcome.
Patients and Methods
All cases undergoing open reduction and internal fixation of a traumatic diastasis of the pubic symphysis at a tertiary pelvic referral centre between January 2006 and September 2007 were reviewed. Those with open injuries, associated acetabular fractures or those definitively managed with additional external pelvic fixator devices were excluded. There was a single case of a vertical shear mechanism leading to a pubic diastasis combined with a high iliosacral dislocation which was also excluded in order to allow the study to focus on mechanisms of injury leading to hemipelvic rotation. In total there were 52 consecutive patients, with a mean age of 42 years (18 to 70). Three patients were lost to follow-up, leaving 49 patients with full radiological data one year post-operatively; there were eight women and 41 men.
The Young and Burgess classification of pelvic ring injuries 14 (Table I ) and the Tile classification 15 of pelvic disruption were used to define the injury and help to guide surgical management. The Young and Burgess classification was chosen because the study suited a system based on the mechanism of injury and the subsequent direction of hemipelvic movements that result in different types of instability of the pelvic ring.
The indications for surgery included any diastasis of the pubic symphysis > 25 mm with or without posterior displacement. Posterior fixation was mandatory if there was any vertical posterior pelvic instability as measured on plain radiographs and CT, but otherwise was performed according to the operating surgeon's (MDB, MSR) preferences. In general, minimally displaced anterior sacroiliac joint displacement did not receive posterior fixation, whereas anymore significant displacement (> 1 mm) did.
Each patient underwent open reduction of the anterior pelvic ring via a Pfannensteil incision, and fixation using either one or two pelvic reconstruction plates (Synthes Ltd, Welwyn Garden City, United Kingdom) which varied in length from four to eight holes.
Individual surgeon preferences dictated the use of two anterior pelvic plates, with persistent intra-operative instability after single plating and poor bone quality cited as the primary indications. Patients with unilateral injuries were kept non-weight-bearing through the affected hemipelvis for three months post-operatively; those with bilateral injuries spent this period using a wheelchair. Any signs or symptoms of post-operative infection were noted.
Plain AP, inlet and outlet pelvic radiographs taken at three months, six months and one-year post-operatively were reviewed for signs of movement in the anterior fixation, which was defined as screw breakage or any degree of backing out, any change in the position of a plate, or plate failure. Whether this movement led to recurrent diastasis was also assessed.
Functional outcome was measured using questionnaires which were sent to all patients more than one year postoperatively. Ethical approval was obtained for a telephone questionnaire for those patients who did not respond to the postal questionnaire. The questionnaire consisted of an SF-12 16 validated for the patient population, to provide a measure of both physical and mental health, and a further six questions specific to the pelvic injury, which allowed the patient to report on the type, location and frequency of pelvic pain and how it affected their physical function during the previous four weeks. Statistical analysis. A t-test was used to compare different groups. A p-value of < 0.05 was considered significant.
Results
The mechanism of injury could be divided into five categories (Table II) . The increased incidence in motorcyclists was clearly demonstrated here, as they accounted for over half of the injuries seen. A total of 43 (86%) of the traumatic diastases were the result of anteriorposterior compression, six (12%) were the result of lateral compression, and there was a single case (2%) of vertical shear. All patients involved in motorcycle accidents had anterior-posterior compression fracture patterns, which can be explained by observing the rider's sitting position astride the tank, with hips flexed and abducted at the time of impact.
All 19 patients who received anterior fixation alone had injuries classified as APC2. A total of 30 patients had additional posterior pelvic fixation, 27 of whom were treated with percutaneous cannulated 6.5 mm or 8.0 mm sacroiliac screws. Three patients had an open approach to the posterior injury, with direct reduction and plate Fall from height 6
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Fall from a horse 3 C r u s h fixation. Five patients had double anterior plating, three of whom had additional bilateral sacroiliac fixation and one a unilateral sacroiliac fixation (Table III) . There were no cases of post-operative wound infection.
Of the 49 patients with full radiological data, 15 (30.6%) had signs of anterior pelvic plate and screw movement: 11 were seen at three months post-operatively, three at six months, and one at one-year post-operatively. Of the 15 patients with signs of movement, ten had loose screws and in five the screws were broken (Figs 1 and 2 , respectively). These findings were seen throughout the different types of anterior and posterior fixation used: seven of 20 patients (35%) with anterior fixation alone, six of 17 (35%) with anterior and unilateral sacroiliac fixation, and two of 12 (16.7%) with anterior and bilateral sacroiliac fixation. Metalwork movement was also seen when longer plates were used in three of the nine (25%) six-hole plates used. It was not seen in the five patients in whom a double anterior plating technique was used.
Loss of reduction with recurrent diastasis was seen in six patients (Fig. 3) , four of whom underwent revision surgery. All failures of fixation occurred in APC2 injuries: two were fixed using a four-hole plate and two a six-hole plate; none had additional posterior fixation. All four patients complained of anterior pelvic pain; three underwent further reduction and plate fixation, and one had intra-operative pelvic stability and required the removal of loose metalwork only. Two patients with diastasis have not required further surgery, as they had a good functional outcome despite the loss of fixation. Both had a four-hole plate with additional unilateral posterior sacroiliac fixation. One had an excellent outcome despite having signs of movement of the posterior sacroiliac screw (Fig. 3) . Series of radiographs showing a) an initial APC2 injury, b) the type of fixation used, and c) broken anterior screws seen three months postoperatively. Series of radiographs showing a) an initial APC2 injury, b) the type of fixation used, and c) loosening of the anterior plate and posterior sacroiliac screw, with a recurrent diastasis seen six months postoperatively. Despite these radiological appearances, the patient had no pelvic pain and an excellent functional outcome. Of the 49 patients with radiological data, completed functional outcome questionnaires were received from 41 (Table IV) . Four patients could not be questioned as they were receiving ongoing psychological care, three were uncontactable and one declined our request. Questionnaires were completed by 14 of the 15 patients with signs of loose metalwork.
Overall, the mental health (SF-12 scoring) of patients in the study group was very similar to that of the normal population (49.5 vs 50). The physical health (SF-12 scoring), however, was lower (42.5 vs 50); although this did not reach statistical significance, it is equivalent to a 20% mean decrease in physical ability compared with the normal population. 17 Pelvic pain was identified as a major cause of loss of function. This was measured by patients choosing the category that best described their pain, and then which specific activities were limited by this pain and by how much. Overall, after at least one year 15 patients (37%) were pain-free, 12 (29%) had either mild or very mild pain, 11 (27%) moderate and three (7%) severe. When asked to score their physical function out of a possible 100%, the mean score was 69% (20 to 100). Everyday activities such as washing and dressing were unaffected in 29 patients (70%), mildly affected in four (10%) and moderately affected in eight (20%) with none severely affected. In 20 patients (49%) there was no pain when walking, seven (17%) felt pain after walking for longer than 30 minutes, six (15%) after between 16 and 30 minutes and seven at between five and 15 minutes, one patient had pain after walking around the house. Night pain was reported by 21 patients (51%), with nine (22%) troubled most or every night. Those patients experiencing pain were asked to mark where this was felt on a diagram: nine (35%) marked anterior, seven (27%) posterior, and ten (38%) both anterior and posterior. There was no clear correlation between the type of fixation used and the location of the pain.
The 11 patients with radiological signs of movement of the anterior metalwork who did not require revision surgery had a mean age of 46, compared to a mean age of 42 for the whole group. Their mean SF-12 post-operative physical and mental health scores were higher than those of the rest of the group (50.2 vs 42.5 and 52.2 vs 49.5), but this was not statistically significant (p = 0.12 and 0.46, respectively); the two groups were therefore comparable in both age and post-operative health. The levels of pain were also comparable to those without metalwork movement (p = 0.32); five patients (45%) reported no pain, four (36%) mild or very mild, and two (18%) moderate. The mean physical function score in this group was also comparable, at 74% (Table IV) . One patient reported a moderate In our study, the 15 patients (30.6%) with signs of metalwork movement is more than previously reported, which may in part be due to our definition, which included any degree of observable movement of plate or screws, although this did not necessarily lead to any loss of reduction or difference in outcome compared with those patients with radiologically stable metalwork.
Movement in anterior pelvic metalwork was seen both in patients with larger six-hole plates and those with additional posterior pelvic fixation. Revision surgery, however, was only required in patients who received anterior fixation alone after APC2 fractures, two of whom were stabilised with a four-hole plate and two with a six-hole plate. Preoperatively these patients demonstrated no clear evidence of posterior instability based on plain radiographs and CT, suggesting that the posterior sacroiliac ligaments were intact and that biomechanically posterior sacroiliac screw fixation for additional stability was not required. 21 This assessment of posterior stability is, however, often made using clinical judgement: assessing the true extent of the sacroiliac injury using pre-operative imaging or intra-operative fluoroscopic examination can be difficult. It may be that within the APC2 classification there is a spectrum of injury: a situation may exist where there is posterior pelvic ligamentous damage sufficient to cause microinstability (tiny movements, as previously demonstrated biomechanically 22 ), which is difficult to detect using current imaging techniques. In these cases additional posterior sacroiliac fixation may have provided greater overall stability and prevented loosening of the anterior metalwork. Of note, the two patients in the study who had anterior metalwork loosening and a diastasis but did not require revision surgery also had posterior sacroiliac fixation. It may therefore be advisable to approach the broken pelvic ring with an initial accurate assessment of posterior pelvic instability and proceed with sacroiliac fixation if there is any doubt. More collection of clinical data is necessary in this area.
In this study the anterior fixation did not aim to achieve fusion, and therefore could only provide relative stability while allowing the symphysis to heal. As with all internal fixation of fractures it is therefore a race to achieve healing before the implant fails. Here, however, we have a unique situation, as we are subjecting a physiologically dynamic structure -a fibrocartilaginous joint -to relatively rigid fixation. Biomechanical studies have assessed the physiological forces across the pubic symphysis during movement 20 and subsequently transmitted through the plate during rehabilitation, potentially contributing to the movement of fixation during the first post-operative year. A degree of anterior physiological pelvic movement may be desirable as long as there is sufficient posterior support; 11 of the 15 patients with anterior metalwork movement recovered well without requiring further surgery, with comparable or in some cases better functional outcomes than in the rest of the study group.
Overall functional outcome data revealed that despite extensive reconstruction of the pelvic ring, many patients struggle to regain fitness after such major trauma. A similar finding was observed by Borg et al 23 in a quality of life and life satisfaction study involving 45 patients following surgically treated pelvic ring fractures. Post-operative radiological signs of movement in anterior metalwork was commonly seen, but despite this the function in the majority was comparable with that in the rest of the group. These cases only required revision surgery when this movement was combined with recurrent symptomatic diastasis.
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